nal transduction from exogenous Reelin.
In 1998, we identified a novel cadherin-related neuis required for specific homophilic interactions (Takeichi, 1990) . We propose that the EC1 domain of the CNRs ronal receptor (CNR) family using Fyn binding activity from the mouse brain (Kohmura et al., 1998) . Each of may play a similar role by functioning in heterophilic binding among CNR proteins or in binding of all CNR the CNR proteins 1-8 contains six extracellular cadherin ectodomains (EC) similar to the cadherins but has a proteins to the same ligand proteins. Here, we suggest that the CNR family proteins funcdistinct cytoplasmic domain that interacts specifically with the tyrosine kinase Fyn. The cytoplasmic domain tion as multiple receptors for receiving and processing the Reelin signals in forming a well-organized neuronal bears no similarity to that of the cadherins or any other protein in the database. The CNRs are expressed in the network in the neocortex. In addition, we propose that differences in the numbers of CNR genes containing brain and localized to synaptic junctions. While in situ hybridization studies revealed that CNR mRNAs are exReelin-binding domains across terrestrial vertebrates may be attributable for cortical variation of neuronal pressed in various regions of the adult brain, differential expression of each CNR is observed at a single neuron layers and neural networks of brains. level at the adult stage (Kohmura et al., 1998) was expressed. To analyze the expression of CNRs in the expression of CNR genes in the cortical plate but not in the marginal zone, we performed double staining the mouse embryonic cortex, we carried out in situ hybridization experiments using mouse E15 brains. In the analysis with a CNR1 RNA probe and CR-50, an antiReelin antibody. Figure 1C , a-c reveals double staining embryonic forebrain, each of the CNR1-CNR8 genes was commonly expressed in the apical cortical region of CNR1 mRNA and Reelin protein. Cajal-Retzius cells in the marginal zone were stained by CR-50, but CNR1 and the striatum ( Figure 1A , a-h). To further examine the expression pattern in the cortex, we performed in was not detected ( Figure 1C, a and c) . Thus, cells expressing CNR1 were proximal and distinct from Cajalsitu hybridization using digoxygenin-labeled RNA probes derived from (a) various N-terminal EC2 and EC3 regions Retzius cells expressing Reelin. Similar patterns were also detected for the other CNR genes and their correof CNR1-CNR8, (b) the identical cytoplasmic regions of CNR1-CNR8, and (c) fyn. Each of these probes revealed sponding constant regions (data not shown). extensive expression of the respective mRNA in the cortical plates ( Figure 1B, a-d Figure 3A) . Expression of these proteins was confirmed by immunoblotting with anti-Fc antibody in conditioned AP antibody in cell lysates as a ‫071ف‬ kDa species, consistent with the combined sizes of the N-terminal portion medium from transfected cells ( Figure 3B ). As shown in Figure 3C , the Reelin-NAEB-AP protein (amino acids of Reelin and AP ( Figure 2D ). Using these fusion proteins, we performed coimmunoprecipitation experiments to 28-911) was precipitated by beads conjugated with CNR1 EC-Fc (positive control), EC1 (amino acids 1-133)-test the direct binding of CNR1 EC-Fc to Reelin-NAEB-AP. As shown in Figure 2E, Figure 
ceptors.
To examine the physiological effects of the anti-RBD CNR antibody on the histogenetic assembly of cortical formation, but also in homophilic CNR interactions or cells, we performed reaggregation experiments using heterophilic interactions in the cortical neurons. dissociated cerebral cortical cells isolated from E14 embryos. In control experiments, the dissociated cor-
Evolutionary Features of the EC1 Domain tical cells formed a single spherical aggregate (1000-of the CNR Family 1300 m in diameter after 5 days). The aggregate was
The Reelin-binding EC1 domains are unusually confixed after 5 days of incubation, and cryostat sections served among CNR family proteins in mice (Kohmura et were immunostained with anti-MAP2 antibody to elucial., 1998). To determine whether the CNR family genes date the neuronal arrangement within the aggregate. are conserved in other organisms, genomic DNA sam-MAP2-labeled neurons were uniformly concentrated and ples from several vertebrate species were analyzed by aligned symmetrically in the outer 1/3 zone of the aggreSouthern blot analysis. Using the Reelin-binding EC1 gate ( Figure 6C, b) . This result is consistent with previous region of CNR1, we detected hybridization with human, observations . When cortical cells marmoset, mouse, quail, chicken, lizard, turtle, and frog were exposed to anti-RBD CNR antibody (200 g/ml)
DNA. Surprisingly, the number of detectable bands was from initial cultivation, they also formed a single spheridifferent among terrestrial vertebrates. Approximately cal aggregate, but their diameters were smaller (700-20, 10, 5, and 2 bands were found in mammals, birds, 1000 m) than those in the control (lower of Figure 6C , reptiles, and amphibians, respectively ( Figure 7A ). On a). In addition, a control anti-Fyn rat IgG antibody (200 the other hand, one to three bands were commonly g/ml) exhibited no effects (upper part of Figure 6C, a) . detected among these species by probing with the cytoWhen the sections of the small aggregate were stained plasmic constant region in CNR genes ( Figure 7B) . It is by anti-MAP2 antibody, the staining neurons were known that the constant region is divided into three loosely arrayed and concentrated in the middle of the short exons in human genomic DNA (Wu and Maniatis, aggregate ( Figure 6C, c) with their unusual conservation. The heterophilic binding activity of cadherins, akin to these Reelin-CNR intermDab1-deficient mice have been described that closely resemble reeler, yet they express reelin mRNA and proactions, has been reported between the EC1 domain of E-cadherin and integrin ␣E␤7 (Karecla et al., 1996). tein (Howell et al, 1997b) . In contrast, mDab1 is expressed at a higher level, but tyrosine is phosphorylated Therefore, the potential for homophilic or other heterophilic binding activities of the EC1 domains of CNR proto a lower extent in reeler mutant embryo brains. Furthermore, the tyrosine phosphorylation of intracellular teins exists. The differences in the malformations that result in the presence of anti-RBD antibody in comparimDab1 protein is stimulated by exogenous Reelin (Howell et al, 1999 ). This suggests that Reelin regulates son to malformations resulting from the presence of CR-50 in the reaggregation experiments of cortical cells also neuronal positioning by inducing mDab1 tyrosine phosphorylation. Here, the inhibition of the Reelin-induced suggest these possibilities. Further characterization of the EC1-binding domains will be paramount in undertyrosine phosphorylation of mDab1 by anti-RBD CNR antibody ( Figure 5C ) strongly suggests that multiple standing the molecular mechanisms of migration, axonal extension, dendrite formation, or synaptogenesis. CNR family proteins function as Reelin receptors. In addition, Fyn, which is associated with CNR proteins, The EC2 and EC3 domains are the most diverse domains among the mouse CNR family. This suggests that binds to mDab1 (Howell et al, 1997a) , and Fyn and mDab1 are also expressed in the cortical layers.
distinct CNR functions are generated from the EC2 and EC3 domains. It is possible that the sequestration of the Very recently, cell surface receptors of VLDLR and 
